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INTRODUCTION 

The purpose of this discussion i s  t o  give a general review of w h a t  
we are doing i n  space and w h a t  we intend t o  do i n  space, and t o  discuss 
the problems we a r e  solving and must solve t o  obtain our objectives. 
s o  doing, we w i l l  a l so  discuss why we have set these objectives. 

In  

F i r s t ,  w h a t  do we mean by space? We mean the universe beyond our 
Earth 's  atmosphere. Using this definit ion,  the scope of space is  
i n f i n i t e .  

Much has been learned of space. During the  t h i r d  century, B.C., 
Eratosthenes of Alexandria made suff ic ient  measurements t o  estimate the 
Ear th ' s  diameter as approximately 25,000 miles. In the  next century, 
Bolemy estimated the distance from Moon t o  Earth t o  be 59 times the 
radius of the Earth. Both f igures  are close t o  the  t ru th .  Following the 
decay and destruction of the Roman empire, the Greek learning was assim- 
ilated by the  Arabs. By the  ninth century, A.D., Baghdad had become a 
center of learning, and here the  Arab astronomer Al-Battani added t o  the  
astronomical tab les  of Ptolemy . 

The study of space was not undertaken t o  any great  degree by our own 
developing Western Civi l izat ion until contacts were made with the Arabs 
through the Moorish invasions and through the Crusades. With the decline 
of the i n t e l l e c t u a l  movement i n  the Islam world came the growth of it i n  
our own. We term the f i rs t  accelerative period of this growth the  
Renaissance. 
da Vinci and Galileo, the movement traveled t o  Northern Europe and t o  
England. In  the studies of the heavens w e  now have the names of 
Copernicus, Brahe, Kepler, Newton, and a host of others until, by the 
middle of our century, man had made extensive measurements of space and 
had learned much about it. 

Star ted i n  the I ta l ianpenninsula  by men such as Leonard0 

0 

Visually, and with telescopes, we have been looking i n t o  space for 
many years.  But other than l i gh t  or radio waves, man had placed nothing 
i n  space un t i l ,  on October 4, 1557, the Russian Sputnik was launched and 
the space age was i n  being. A summary of s a t e l l i t e s  and deep space probes 
successfully launched through March, 1959 i s  given i n  the appendix. 
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W e  are a l l  more or l e s s  familiar with our own so la r  system ( f i g .  1) 
and i t s  general dimensions ( t a b l e  I ) ,  and we know it i s  a very minute p a r t  
of the galaxy we t e r m  t h e  Milky Way ( f i g .  2 l )  and t h a t ,  i n  tu rn ,  t h i s  
galaxy i s  only one of many, many galaxies and c l u s t e r s .  We s t a r t e d  our 
exploration of t h i s  vast  universe of space with physical objects by means 
of payloads placed i n  space, immediate t o  our own planet .  Our f i rs t  s t e p  
w a s  t o  f i r e  sounding rockets t o  a l t i t u d e s  of many m i l e s  ( f i g .  3 ) .  This 
was p a r t  of  a study of our atmosphere and the space immediately around 
us. Following the  sounding rockets, we come t o  the  Earth s a t e l l i t e  i n  
which the vehicle i s  injected i n t o  space with s u f f i c i e n t  ve loc i ty  t o  give 
a centrifugal force  equal t o  the Earth 's  g rav i ta t iona l  p u l l .  Next, we 
obtained inject ion ve loc i t ies  s u f f i c i e n t  t o  overcome the Ear th ' s  gravi ta-  
t i o n a l  pul l  and so permit o m  spacecraft  t o  become a so la r  s a t e l l i t e .  We 
w i l l  cause vehicles t o  come under the  gravi ta t ional  control of s o l a r  
planets other than the Earth and t o  escape from our solar system. 

Basically, s t a r t i n g  with Earth s a t e l l i t e s ,  we provide an in jec t ion  
veloci ty  su f f i c i en t  t o :  (1) reach the s a t e l l i t e  a l t i t u d e  desired,  and 
( 2 )  place the  s a t e l l i t e  i n t o  o r b i t  a t  t h i s  a l t i t u d e .  The o r b i t  may be 
c i r cu la r  o r  more generally e l l i p t i c a l  ( f i g .  4 ) .  
which the c i r c l e  i s  a par t icu lar  solution) the closest  approach t o  Earth 
i s  termed the  perigee, and t h e  grea tes t  distance from Earth the apogee. 
The center of t h e  Earth i s  one of t he  f o c i i  of the e l l i p s e .  As  the  in -  
jec t ion  velocity i s  increased, a value i s  reached a t  which the energy of 
the vehicle i s  su f f i c i en t  t o  give an apogee a t  an i n f i n i t e  dis tance from 
the  E a r t h .  The vehicle path has now become a parabola, and the vehicle - 
as f a r  as the Earth i s  concerned - does not re turn b u t  tl-avels off i n t o  
space. Greater in jec t ion  ve loc i t ies  r e s u l t  i n  the path becoming a hyper- 
bola, w i t h  the excess over the parabolic veloci ty  of i n t e r e s t  i n  r e l a t i o n  
t o  the speed a t  which the vehicle leaves the Earth and the e f f e c t  of other 
heavenly bodies on the vehicle t r a v e l .  

I n  t h i s  l a t t e r  case (for 

W e  will review a few missions b r i e f l y  and go i n t o  a more de ta i led  
discussion of the major problems t o  be overcome i n  developing adequate 
space vehicles or spacecraft, and then i n t o  a discussion of what we expect 
t o  accomplish by our f l i g h t s  i n t o  space. A s  a matter of terminology, t h a t  
part of the vehicle which i s  t o  perform t o  specif ic  mission - measure the  
Van Allen radiat ion b e l t ,  photograph the Moon, land on Mars - i s  termed 
the payload. 

A procedure for placing a payload i n  an Earth c i r cu la r  o r b i t  i s  shown 
i n  f igure 5. Here a launching vehicle consisting of a three-stage chemical 
rocket system i s  used. 
and-a-half s tages)  consis t  of t he  well-known A t l a s  system. The t h i r d  stage 
i s  the Vega system. A t  launch the  three  A t l a s  rockets a r e  f i r e d .  A t  about 
50,000 t o  100,000 f e e t  the two large engines (each of 150,000-pound t h r u s t )  
a r e  dropped. Since during t h i s  a l t i t u d e  range the vehicle must work 

The f i r s t  two stages (more generally termed one- 

'Specific f igure acknowledgments a r e  given a t  end of paper. 
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against  air  resis tance as well as the Earth 's  gravity,  the t rave l  i s  
nearly v e r t i c a l  during the first part of t h i s  period. Following dropoff 
of the booster, the t h i r d  rocket (cal led here the  sustainer)  continues 
f i r i n g  and the vehicle i s  brought t o  about a 30' angle with the  Earth. 
A t  t h i s  point, the  sustainer  rocket and the  now empty p r o p l l a n t  tanks 
are dropped, leaving the  V e g a  stage and the payload. 
t o  an a l t i t u d e  of 100 miles and an angle with the Earth 's  surface of close 
t o  0'. 
stage with payload i s  accelerated and s p i r a l s  from the  Earth i n t o  an el- 
l i p t i c a l  o r b i t  with an apogee of 300 miles. 
e t  i s  f i red  again, giving a velocity increment su f f i c i en t  t o  maintain a 
c i r cu la r  300-mile o rb i t .  
ve loc i ty  f o r  a 300-mile c i rcu lar  orbi t ,  i s  now 17,000 miles per hour. 
Since the vehicle i s  a t  an a l t i t u d e  a t  which the pressure of the Earth 's  
atmosphere i s  v i r tua l ly  n i l ,  it will s t ay  i n  o r b i t  a long time, making a 

The vehicle coasts 

The Vega rocket i s  now f i red ,  increasing the  veloci ty  so that the 

A t  this point, the  V e g a  rock- 

The velocity of the vehicle, termed the in jec t ion  

1 
2 complete revolution each 1- hour. 

A more d i f f i c u l t  mission i s  shown i n  f igure  6; a payload is  sent t o  
the  Moon. 
hour. 
have i t s  veloci ty  decreased some 1500 miles per hour, f o r  a t o t a l  veloci ty  
change by the rocket propulsion system of 26,500 miles per hour. 

In this case the  inject ion veloci ty  i s  about 24,000 miles an 
To place the vehicle i n  o rb i t  around the Moon, the  vehicle must 

The veloci ty  changes fo r  leaving the  Earth, landing on the Moon, 
taking off from the  Moon, and returning t o  Earth a re  shown i n  f igure 7. 
The t o t a l  veloci ty  change required i s  the  sum of the values shown: 59,000 
mlles per hour. It i s  noticed that we r e f e r  only t o  the veloci ty  changes 
required of the  propulsion system. Actually, the magnitude or  direct ion 
of the veloci ty  i s  continually being changed by gravi ta t ional  forces (even 
i n  an Earth c i rcu lar  orb i t ,  there a re  small perturbations resu l t ing  from 
the  e f f ec t s  of the other bodies i n  the so la r  system). 

Representative velocity changes required of the propulsion system 
f o r  d i f f e ren t  missions within our solar  system as shown i n  f igu re  8. 
a mission involving a return t o  Earth,  a part of the required veloci ty  
change (about 17,000 miles/hr) i s  brought about by resis tance of the 
Earth 's  atmosphere, ra ther  than by the propulsion system. Since a l l  other 
veloci ty  changes l i s t e d  must be produced by the propulsion system, we w i l l  
review b r i e f l y  the propulsion systems currently used and planned. 

I n  

PROPULSION SYSTEMS 

The parpose of a spacecraft  propulsion system i s  t o  exer t  suf f ic ien t  

To exert  a force on a vehicle i n  space, mass (termed the propel- 
force f o r  a suf f ic ien t  time on the vehicle t o  cause the  desired veloci ty  
change. 
l a n t ) ,  or energy must be accelerated from the vehicle by the propulsion 
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system. The system used currently i s  the chemical rocket (more spec i f i -  
c a l l y  the chemical-thermal rocket) ,  f i gu re  9, i n  which two chemical com- 
pounds, a f u e l  and oxidant, a r e  burned or a s ingle  chemical compound i s  
decomposed. 
temperature gaseous products ( t h e  propellant)  which are accelerated t o  a 
high velocity, discharged by means of nozzle, and so  produce the propul- 
s ive force. Since t h i s  propellant must be car r ied  within the propulsion 
system ( i . e . ,  the vehicle) ,  t he  t o t a l  vehicle mass being accelerated a t  
any moment includes a l l  the propellant t o  be used subsequently. 
ously greater  t o t a l  vehicle weights a t  Earth launch are required t o  f l y  
a given payload mass on increasingly severe missions. Or, putt ing it 
another way, a given t o t a l  vehicle mass a t  launch i s  sa t i s fac tory  f o r  
continually decreasing payloads as the mission veloci ty  requirements a r e  
increased. This f a c t  i s  i l l u s t r a t e d  i n  f igure  l O ( a ) ,  i n  which d i f fe ren t  
mission payloads i n  pounds a r e  shown. A multistaged chemical propulsion 
system i s  used. 
surface) includes the mass of a l l  the subsequent s tages .  Thus, the f i r s t  
stage l e s s  the subsequent stages weighs about 3,000,000 pounds. About 90 
percent of t h i s  weight i s  the propellant ( f u e l  plus oxidant).  Using a l l  
stages, t h i s  vehicle could launch a 2000-pound manned capsule and br ing 
it t o  a Moon landing. There would be su f f i c i en t  mass allowance i n  addi- 
t i o n  t o  the capsule t o  provide a propulsion system t o  launch the  capsule 
from the  Moon and bring it back i n t o  an Earth o r b i t  and t o  an Earth 
landing. 
sion. For a s o f t  Moon landing without return,  a 20,000-pound payload 
could be used. A payload of 43,000 pounds could be placed i n  an Earth 
o rb i t  a t  an a l t i t u d e  of 19,000 naut ica l  miles. I n  t h i s  case, the time 
f o r  a complete revolution would be 24 hours. A mass of 150,000 pounds 
could be placed i n  a 300-mile o r b i t .  The respective r a t i o s  of takeoff 
weight ( o r  mass) t o  payload mass a r e  approximately 2500, 1000, 250, 100, 
and 30. Obviously, decreasing these r a t i o s  i s  desirable .  These r a t i o s  
w i l l  be decreased as the propellant spec i f i c  impulse - t h a t  i s ,  the t h r u s t  
produced per pound of propellant discharged (accelerated) per second - 
i s  increased. 
l o c i t y  t o  which the propellant i s  accelerated.  The major objective i n  
propellant systems research i s  t o  increase t h i s  discharge velocity,  t h a t  
i s ,  specif ic  impulse. Increases can be obtained by using chemical pro- 
pel lants  t h a t  y ie ld  higher combustion temperatures or,  b e t t e r  ye t ,  lower 
molecular weight combustion (propellant)  gases. By using a nuclear re -  
ac tor  ( f i g .  9 )  i n  place of combustion as t h e  heat source, the propellant 
need not be l imited t o  combustibles. An extremely low molecular weight 
gas, say, hydrogen, can be used with a two t o  threefold increase i n  
Specific impulse. The nuclear reactor  has a temperature l imitat ion,  t h e  
temperature l i m i t  of the materials of which the reactor  i s  made. 

I n  e i the r  case, the chemical reaction r e s u l t s  i n  high- 

Continu- 

In  each case, the stage mass ( i . e . ,  weight a t  the Earth 's  

A payload of 4500 pounds could be sent on a planet probe m i s -  

The specif ic  impulse i s  d i r e c t l y  proportional t o  the ve- 

The order of improvement over the values given i n  f igu re  l O ( a )  t ha t  
might be expected by using a second-stage nuclear rocket is  shown i n  
f igure 10 (b ) .  
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If the pa r t i c l e s  (molecules) of the propellant gas are charged 
e l e c t r i c a l l y  (ionized),  an e l ec t ros t a t i c  or electromagnetic force cam be 
used t o  accelerate the propellant ( f ig .  11) , and much higher ve loc i t ies  
can be obtained than with the  thermal rockets. 

Chemical thermal rockets a r e  i n  the use and development stage. Much 
Nuclear- 
The more 

research i s  being conducted on the chemical fue l s  and oxidants. 
thermal and nuclear-electr ic  rockets a r e  i n  the research stage.  
d i f f i c u l t  missions, say, those requiring propulsion-system veloci ty  changes 
of 60,000 miles or more, may well await the developent  of these nuclear 
propulsion systems. 

The range of specif ic  impulses presently being obtained, expected 
with the  d i f fe ren t  systems, i s  shown i n  f igure 1 2 .  A l s o  l i s t e d  a re  values 
of' spec i f ic  power; that i s ,  the power that must be produced i n  the pro- 
pe l lan t  j e t  f o r  each pound of th rus t  produced. For the thermal rockets 
the spec i f ic  power values a re  suf f ic ien t ly  low t o  be of secondary in te r -  
est. However, with the e l e c t r i c  rockets t h i s  power must be produced i n  
the form of e l e c t r i c i t y .  Electric-power-producing systems a r e  not l i g h t .  
Unti l  much progress i s  made i n  this f i e ld ,  the t h r u s t  f o r  the nuclear- 
e l e c t r i c  rocket system w i l l  be limited t o  values of about 0.0001 the  mass 
of the spacecraft .  As a r e s u l t  the  e l ec t r i c  systems are current ly  con- 
sidered only f o r  those portions of the f l i g h t  i n  which gravi ta t iona l  
forces on the vehicle a re  e i t h e r  of this same order i n  r e l a t ion  t o  the  
vehicle mass or are  of fse t  by the vehicle veloci ty .  This ru les  out the 
use of t h e  e l e c t r i c  rockets f o r  launchings from the  planets.  Figure 13 
shows an a r t i s t ' s  conception of a nuclear-electric-rocket-powered space 
vehicle, and f igure  14 gives the time i n  days required t o  complete a 
f l i g h t  from Earth o rb i t  t o  Mars orbi t  and return t o  Earth o rb i t  using a 
nuclear-electric rocket with a thrust-to-mass r a t i o  of 0.0002, or  a thermal 
(designated high th rus t )  rocket with a th rus t  of the same order as the  
vehicle mass. The differences i n  time r e s u l t  from the much slower ac- 
celerat ion r a t e  with the e l e c t r i c  rocket. 

Summarizing, chemical-thermal rockets with increasing spec i f ic  i m -  
pulses are and will be the propulsion systems employed i n  spacecraft fo r  
several  years t o  come. 
nuclear-thermal and nuclear-electric rockets, missions not feas ib le  with 
the chemical propulsion systems wi l l  be performed by these newer devices. 
The r e l a t ive  advantage between the nuclear-thermal and nuclear-electr ic  
rocket cannot be determined u n t i l  additional research has been conducted 
on both. 

With successful completion of research on the 

GUIDANCE SYSTEMS 

Obviously, fo r  a spacecraft  t o  be operated sa t i s f ac to r i ly ,  it must 
be properly directed or  guided. This guidance i s  done by a system 
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capable of: (1) determining t h e  posi t ion and ve loc i ty  of the vehicle, 
and ( 2 )  from these determinations, making necessary changes i n  veloci ty  
magnitude or direction, t o  keep or place the vehicle on proper course. 
We a r e  using the t e r m  "velocity" i n  i t s  complete sense, that i s ,  as a 
vector.  Therefore, a change i n  veloci ty  may r e s u l t  i n  a change i n  e i t h e r  
veloci ty  magnitude o r  veloci ty  direct ion.  
vehicle, an appropriate force must be imposed on the  vehicle.  This force 
w i l l  be the resu l tan t  of t h a t  imposed by the propulsion system (including 
small guidance rockets or  so l a r  sails as pa r t  of t he  propulsion system) 
and such gravi ta t ional  forces as a r e  act ing on t h e  vehicle .  Since the 
direct ion of operation of the propulsion-system force with respect t o  the 
vehicle i s  generally l imited by mechanical reasons, means mus t  a l s o  be 
provided t o  change the a t t i t u d e  of the vehicle,  t h a t  i s ,  the angle of the 
vehicle r e l a t ive  t o  the  l i n e  of f l i g h t .  The a t t i t u d e  of the vehicle can 
be changed e i t h e r  by t h e  propulsion-system forces or by i n t e r n a l  forces 
produced by changes of momentum within the vehicle ( f i g .  15 ) .  
i n  momentum can be produced by a ro ta t ing  body, a momentum wheel. 

There a r e  three major divisions ( f i g .  1 6 )  i n  the guidance require- 

To change the ve loc i ty  of the 

This change 

ments. 
during the f i r s t  several  minutes of f l i g h t  during which time the vehicle 
i s  put on course f o r  the f i r s t  phase of the f l i g h t .  
precise control i s  not required over appreciable time in t e rva l s ,  t h i s  
f i rs t -phase guidance may be the  only one used. Examples a r e  b a l l i s t i c  
missiles, Earth-orbit  s a t e l l i t e s ,  simpler deep space probes. The second 
phase i s  t h a t  of midcolurse navigation. The term i s  more or less self-  
explanatory; it corresponds t o  the navigation of a ship a t  sea when posi- 
t i o n  and velocity a r e  determined by f i x e s  on the stars or the Sun. 
t h i r d  phase consists of t h a t  period of f l i g h t  during which the  vehicle i s  
approaching i t s  objective, say, another planet .  I n  t h i s  case, t he  vehicle 
must  be caused t o :  approach t o  within the desired distance of a planet,  
be placed i n  o rb i t  about the planet, be caused t o  land on the  planet.  
a considerable extent the f i rs t  and t h i r d  phases a r e  similar. 

The f i rs t  i s  guidance during the  in jec t ion  process, t h a t  i s ,  

For missions i n  which 

The 

To 

The simplest system from the standpoint of devices car r ied  aboard 
the vehicle i s  a ground radio guidance system (lower pa r t  of f i g .  1 7 ) .  
I n  t h i s  case, the ac tua l  vehicle guidance i s  provided by changing the 
angle of t h r u s t  (from the propulsion system) with respect t o  the f l i g h t  
path. The required a t t i t u d e  measurement and control i s  e i t h e r  derived 
by means o f  a gyro system carr ied aboard the vehicle or from the ground 
radio device. The velocity and posit ion of the vehicle a r e  determined 
by means of re f lec t ion  from the vehicle of the ground originating the 
radio waves. The r e s u l t s  a r e  fed i n t o  the guidance computer, and the 
necessary changes i n  guidance are determined. These a r e  radioed t o  the 
vehicle receiver and passed on t o  the auto p i l o t  f o r  actuation e i t h e r  of 
rocket nozzle controls ( s t ee r ing  actuators)  or the f u e l  and oxidant con- 
t r o l  valves. 
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The second system used f o r  the inject ion guidance i s  termed i n e r t i a l  
guidance (upper part of f i g .  1 7 ) .  
i s  not  required. 
u n i t  consis ts  e s s e n t i a l l y  of three accelerometers, each mounted on one 
of the three major axes of a gyro-stabilized platform; that is, a plat-  
form whose a t t i t u d e ,  as a result of the gyros, remains s ta t ionary i n  
space. The accelerometers indicate  the resu l tan ts  of t he  vehicle veloc- 
i t y  changes. This information i s  forwarded t o  t h e  guidance computer which, 
i n  t u r n ,  computes the  vehicle position and veloci ty  from a summation of 

and transmitted t o  t h e  autopi lot  f o r  actuation. 
mined by means of gyros .  
guidance control can be, and is ,  used. 

In this case contact with the  ground 
Instead an i n e r t i a l  sensing uni t  i s  employed. T h i s  

to 
Lo 
4 t he  acceleration-time e f f e c t s .  The necessary control  changes are computed 

Combination of ground rad io  control and i n e r t i a l  
Atti tude i s  a l s o  deter- i4 

The advantage of the i n e r t i a l  system over t h e  ground radio control  
i s  that contact with the ground i s  not necessary and the  system is, 
therefore,  independent of the distance from the ground. The disadvan- 
tages are fourfold: 
to ,permit  i t s  uses i n  the smaller vehicles, ( 2 )  the system i s  more com- 
p l ica ted  than the  ground radio system with t h e  consequent e f f ec t s  on 
r e l i a b i l i t y ,  (3) the system indicates changes i n  veloci ty  only and can 
therefore  ind ica te  posit ion changes only under conditions of changing 
velocity,  and (4) imperfections i n  the gyros cause the gyro axis t o  d r i f t  
so that t h e  platform does not,  i n  f a c t ,  s t ay  s t ab le .  The e r ro r s  s o  in t ro -  
duced are too small t o  cause concern during short  periods of operation; 
but during long periods, as might be required with t h e  low accelerations 
resu l t ing  with t h e  e l e c t r i c a l  propulsion systems, these can be serious.  

(1) The weight of t h e  system i s  currently too great 

As  the first two problems a r e  overcome, t he  i n e r t i a l  system w i l l  
When t h e  probably f o r  the most pa r t  replace the ground rad io  system. 

vehicle i s  i n  deep space and navigational guidance i s  required, e i t h e r  
radio or c e l e s t i a l  navigation can be used ( f i g .  18).  
a powerful t ransmit ter  and receiver  i s  needed on t h e  ground because of 
the distance involved. 
cussed under the  radio system f o r  inject ion guidance. Vehicle a t t i t u d e  
can now be measured i n  r e l a t i o n  t o  the Sun, and a momentum wheel can be 
used t o  control a t t i t u d e .  The necessary velocity changes are obtained by 
means of small rocket motors. The power requirements, of course, become 
higher as the  distance from the E a r t h  becomes greater .  

I n  t h e  radio system, 

The general principles here are the  same as dis- 

For c e l e s t i a l  navigation i n  the so l a r  system, s i x  independent meas- 
urements of vehicle posit ion and velocity must be made. There are several  
combinations of these.  One system consists of making three successive 
readings of a s ing le  planet against  i t s  background of stars. 
case, as w e l l  as the other cases, these measurements mus t  be referred t o  
a known reference system, a gyro-stabilized platform i n  which the d r i f t  
errors  are compensated f o r  by periodic f i x e s  on known stars. Again, re- 
s u l t s  Of the  measurements a r e  fed  t o  the computer and S O  t o  the control 
rocket or rockets.  

I n  this 
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With t h e  terminal guidance system ( f i g .  19), it i s  assumed t h a t  the 
vehicle i s  now suf f ic ien t ly  close t o  the objective,  another planet o r  a 
return t o  t he  Earth, so that opt ica l  sensors or radar can correct ly  guide 
the vehicle, i n  general reversing the in jec t ion  process. 

Some f igures  on required accuracies i n  in jec t ion  ve loc i t ies  and 
angles and on required guidance systems are shown i n  f i g u r e  20. 
be remembered t h a t  these ve loc i t ies  of 3 t o  7 miles per hour represent 
in jec t ion  veloci ty  accuracies of the order of a hundredth of a percent. 

It must 

TRACKING 

After means t o  keep the vehicle on course a r e  insured, it i s  a l s o  
desirable t o  be able  t o  t rack  the vehicle from the Earth. This can be 
done p a r t i a l l y  o r  wholly by one of three means: (1) op t i ca l ly ,  ( 2 )  by 
use of radar r e f l ec t ion ,  and (3) by means of radio transmission t o  the 
Earth from the vehicle.  The simplest means i s  opt ical :  I n  t h i s  case, a 
telescopic camera ( f i g .  21) of large aperture i s  used t o  photograph the 
vehicle path. The Baker-Nunn camera designed f o r  s a t e l l i t e  tracking has 
been used extensively a t  some t h i r t e e n  global s t a t ions  ( f i g .  2 2 ) .  The 
camera i s  e f fec t ive  when the  camera i s  i n  the Ear th ' s  shadow, so  t h a t  
there  i s  a high r e f l e c t i v i t y  of t he  Sun ' s  rays from the vehicle t o  the 
Earth.  The background of stars i n  the photograph permit a high degree 
of posit ion accuracy and in-orbi t  calculation. 

The u s e  of radar beam ref lec t ion  i s  not considered generally, except 
f o r  tracking unknown s a t e l l i t e s ,  because the use of radio transmission 
from the  vehicle i s  more sa t i s f ac to ry .  The procedure used with current 
s a t e l l i t e s  consis ts  of using the interferometer pr inciple  t o  compare 
phases of s ignals  received i n  separate antenna as mounted on well- 
established basel ines .  Such a system i s  used f o r  tracking Vanguard. The 
location of these s t a t ions ,  termed Minitrack, and a typica l  i n s t a l l a t i o n  
i s  shown i n  f igures  23 and 24. A s i m i l a r  method, termed Microlock, i s  
a l s o  used. 

Greater distances can be covered by the  use of a large-parabolic- 
disk radar antenna such as the 250-foOt disk a t  Jode l l  Ehnk i n  England 
o r  the 85-foot disk a t  Goldstone, California ( f i g .  25).  
t i ons  located as shown i n  f igure 26 w i l l  give global coverage. 

Three such sta- 

The research and development i n  the  f i e l d  of tracking l i e s  generally 
i n  the f i e l d  of e lectronics .  For the  vehicle transmission - tracking 
s t a t i o n  receiving system, progress i s  required i n  both the t ransmit ter  
and the  receiver.  For the t ransmit ter ,  it i s  again as i n  the  guidance 
systems largely a case of weight against  r e l i a b i l i t y ;  the power output as 
a function of weight i s  of prime importance. A l s o  s t a b i l i t y  control of 
the vehicle i s  important t o  permit t he  use of d i rec t iona l  antennas. 
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With the receiver, research and development are required to permit 
the receiver to convert signals of l e s s  power into usable data. T h i s  re- 
quires a decrease in the internal noise level of the receiver. The kind 
of improvement in tracking distances that is expected to result in track- 
ing improvement in both transmitter and receiver for the Goldstone station 
is shown in figure 27. 

An indication of the power requirements for different uses is shown 
in figure 28. 
rather than acta1 values, should be considered. 

Since these data are somewhat out of date, the ratios, 

POWER GENERATION 

"he discussions of guidance and tracking have shown that electric 
power must be available on other than the simplest spacecraft. In o w  1 
later discussions we will see that power is, and w i l l  be, required to 
operate research instruments aboard the craft. 
requirements have been limited to a few watts, the requirements w i l l  go 
to many kilowatts. 

Although to date the power I 
, 

For the low-power, short-time demands chemical batteries can be used, 
as estimated in figure 29. For the longer times or higher powers, nuclear 
energy (including the solar battery) will be used. 

The nuclear t.urboelectric system and the solar (photoelectric) cell 
are shown diagrammatically in figure 30. Additional systems of interest 
are shown in figure 31. Power in the low kilowatt range may be considered 
for these devices. The source of energy is nuclear. Efficiencies of these 
systems are low. Using emiconductors for the thermopile, efficiencies of 
the order of 5 to 8 percent are obtained. Efficiencies are important be- 
cause of higher powerplant mass required with low efficiency. 

SCIENCE IN SPACE 

We have discussed what we mean by space, different space flight paths, 
spacecraft propulsion systems, and means for guiding and tracking the 
spacecraft. We w i l l  now discuss what we are doing and what we expect to 
do in space. "he subjects to be discussed in this section are tabulated 
in figure 32. Scientific investigations in space have been started with 
payloads of a few pounds. 
will suffice. Instrumented capsules of several thousand pounds are cur- 
rently planned. 

We do not want to imply that these payloads 

The first area of discussion is geodesy, the study of the Earth. In 
this field more accurate mapping w i l l  be made of the location of key points 
on the Earth's surface. The shape of the Earth is being studied through 
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satellites launched as part of the International Geophysical Year. 
elliptical flight path of an Earth satellite shows certain perturbations 
resulting from the fact that the Earth is not a perfect sphere; this re- 
sults in variations in the Earth's gravitational pull on the satellite. 
Results of calculations of the flight path of the Vanguard satellite (fig. 
33) show that there is less bulging at the equator than was previously 
indicated. 
previously known. 
urements can be made. For understanding the nature of the Earth, this 

The 

. 

Also, there is a slight pear shape to the Earth that was not 
The data indicate the precision with which the meas- 

precision is necessary. Y 
ul 
I-J 
04 With respect to studies of the atmosphere (fig. 34), there is much 

that we are learning, and there is much that we need to know. 
of the atmosphere at these high altitudes is extremely important in the 
study and development of communication systems and in the field of 
meteorology. 

The makeup 

The extent to which the pressure of the atmosphere decreases with 
altitude is indicated in figure 34 as a fraction of the sea-level pressure 
(10-6A, 2x10-1°A, etc.) to altitudes of 150 miles. Sounding rockets such 
as the Aerobee-Hi, which carries a payload of 150 pounds, are used to ob- 
tain these data. 
the order of 300 miles. 

The pressure has been estimated from satellite data to 

As long as atmospheric measurements were dependent on bodies sup- 
ported by the atmosphere, measurements were limited to 20- to 30-mile 
altitudes. Under these conditions the increase in atmospheric tempera- 
ture to more than 1000° F at 100 miles and above was not known. 

When the pressure and temperature of the atmosphere are known, it 
is desirable to define the molecular species existing. The change from 
the atmosphere we know, consisting largely of molecular oxygen (02) and 
nitrogen ( N z ) ,  is shown in figure 34. From these data the mean free path 
of the molecules can be computed. The fact that oxides of nitrogen occur 
and that these oxides and the oxygen are electrically charged (ionized) 
is important in understanding the actions taking place in communications 
and in the general phenomena of the air around us. 

We have yet to investigate and catalogue the atmospheres of Venus 
and Mars and of the other more distant planets. 

We come now to the ionosphere, that is, the spherical shell of 
chazged gases that stretches from 40 miles to many thousands of miles 
above the Earth's surface (fig. 35). An imediate interest in the iono- 
sphere as mentioned in discussing the atmosphere (of which the lower 
ionosphere is a part) is in its effect on radio communications; the man- 
ner in which the various layers cause radio waves of different frequencies 
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t o  bounce between the Earth and layers and so  give us world-wide radio 
i s  i l l u s t r a t e d .  The successively higher leve ls ,  E t o  F, allow passage 
of successively higher frequencies and shorter  wave length. The iono- 
sphere d i f f e r s  from day t o  night .  A t  night the  two F regions merge and 
the E regions become spotty.  The ionosphere i s  affected by radiat ions 
from the  Sun. The charge density varies with l a t i t ude  and season. In-  
formation a t ta ined  from sounding rockets i s  teaching us  much of the  iono- 
sphere, but we must learn much more of i t s  source and nature. O f  the 
ionospheres of the other planets w e  know l i t t l e .  

O u r  discussion of the ionosphere i s  not complete without reference 
t o  the Van Allen, o r  great,  radiation b e l t  ( f i g .  36) discovered with the 
Explorer I s a t e l l i t e ,  and fur ther  explored with the Explorers I11 and I V  
and with the  Pioneer I1 and I11 deep space probes. The information col- 
lected on these f l i g h t s  shows the need of fu r the r  deep space exploration 
t o  catalogue these electromagnetic f i e l d s .  

The investigation of energetic par t ic les  impinging on the Earth or 
absorbed i n  the ionospheres o r  atmosphere i s  indicated i n  f igure  37 .  
Included a re  cosmic rays that cause the aurora boreal is ,  and the pa r t i c l e s  
t h a t  form the Van Allen radiat ion b e l t .  Within the  last year, sounding 
rockets f i r e d  from Fort  Churchhill i n  Canada showed that the auroras a r e  
produced by electron incident i n  the Ear th ' s  upper atmosphere. The great  
rad ia t ion  b e l t  has been discovered, b u t  it i s  not understood. Explora- 
t i o n  by means of sounding rockets and deep space probes w i l l  continue. 

Beyond the environs of the E a r t h  we have the study of magnetic f i e l d s  
i n  our so la r  system ( f i g .  38). 
the Ear th ' s  magnetic f i e l d .  We know that the Sun has a f i e l d  and that it 
varies  as does the Earth 's  magnetic f i e l d .  Whether the other planets have 
magnetic f i e l d s ,  we  do not know. We think there  may be an in te rga lac t ic  
magnetic f i e l d ,  but we do not know. The answers t o  these questions mus t  
be obtained through future  research. 

We know some but want t o  know more about 

Under the heading of gravi ty  we will discuss an experimental check 
on a portion of Einstein 's  theory of r e l a t i v i t y  - the  e f f ec t  of a gravi ta-  
t i o n a l  f i e l d  on the time t o  complete a physical process. 
relativity:theory,  i f  we have two ident ica l  clocks, one operating i n  the  
grav i ta t iona l  f i e l d  a t  the Earth 's  surface and the other operating i n  a 
gravity-free or near-gravity-free location, the l a t t e r  clock will run 
f a s t e r  than the former ( f i g .  39) .  

may be used i n  the  experiment. 
The left-hand clock, marked near -sa te l l i t e  clock, indicates  ce r t a in  diff i -  
c u l t i e s  i n  the experiment as a r e su l t  of which, i f  the s a t e l l i t e  i s  too  
close t o  the Earth, an opposite e f fec t  may be observed. 

According t o  

Two iden t i ca l  atomic clocks indicated 
as the Earth clock and f a r - s a t e l l i t e  clock ( i n  a 4000- t o  5000-mile o r b i t )  -4 

An accuracy of about 1 O - a w i l l  be required. p@--.'4A-''' 
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The general f i e l d  of astronomy ( f i g .  40) i s  the  subject of much re -  
search and requires a great  deal  more information t o  help us understand 
the  universe i n  which we l i v e .  I n  discussing the  ionosphere, we brought 
out t h e  f a c t  that  it obstructs the passage of cer ta in  radiat ions.  Ob- 
servations of the planets or  t he  stellar systems made from the  Earth are 
limited t o  those radiations t h a t  a r e  transmitted through the ionosphere 
and the atmosphere ( f i g .  41) .  By mounting a telescope on a s a t e l l i t e  as 
i l l u s t r a t e d  i n  f igure  40, the pa r t  of the spectrum now barred t o  us w i l l  

ray range and i n  t h a t  portion between v i s i b l e  l i g h t  and the radio waves - 

r ing  i n  l i f e  chemistry. This general f i e l d  of astronomy has been marked 
by: (1) visual observation, ( 2 )  op t ica l  telescopic observation, ( 3 )  radio 
telescopic observation, and now w i l l  be marked by another major s t e p  
forward, observation outside the Ear th ' s  atmosphere. 

become available.  This will include information i n  the  X-ray and gamma- F 
t h a t  i s ,  representative of molecular react ions - of the radiat ions occur- w 

cn 
tJ 

We now come t o  the study of biology and, i n  general, the l i f e  sciences 
i n  space. Various f ac to r s  are tabulated i n  f igure 42. These s tudies  w i l l  
involve the actions of space environment on plant  l i f e ,  l i v ing  c e l l s ,  
animals, and on man himself. It w i l l  a l s o  include the study of possible 
l i f e  on other planets.  This f i e l d  has scarcely been touched. 

APPLICATIONS OF SPACE TECHNOLOGY 

We w i l l  consider applications of space technology t h a t  w i l l  be of 
immediate benefi t  t o  u s .  Meteorological s a t e l l i t e s  and communications 
satell i tes w i l l  be discussed. 

I n  1954 meteorologists were able  f o r  the f i r s t  time t o  form a picture  
of a storm as seen from the sky above the storm. This picture,  a composite 
( f i g .  43) constructed by the staff of the U.S. Weather Bureau from several  
hundred photographs, was taken from an Aerobee sounding rocket a t  a 100- 
mile a l t i t u d e .  The picture  covers t h e  southcentral  and southwestern pa r t  
of t h e  United S ta t e s .  The hurricane t h a t  i s  c l e a r l y  v i s ib l e  was not seen 
or recorded from ground s t a t ions .  Because of i t s  height, t he  winds meas- 
ured from the ground were not great ,  but the flooding r a ins  were. We want 
t o  take weather records from a l t i t u d e s  grea te r  than 100 miles f o r  greater  
coverage. We want t o  make the  kinds of measurements l i s t e d  i n  f igure 44. 
These include measurements of heat balance, temperatures, and a i r  con- 
s t i t u e n t s ,  as w e l l  as observations of the clouds themselves. T h i s  in- 
formation w i l l  not solve our weather problems, but it will lead t o  a 
b e t t e r  understanding and more accurate and longer range weather forecast ing 
with resul tant  economic savings. 

By using a meteorological s a t e l l i t e  system s i m i l a r  t o  t h a t  shown i n  
f igure  45, world-wide weather reporting can be obtained. 
several  polar o rb i t  or quasi-polar o r b i t  s a t e l l i t e s  a r e  used i n  conjunction 
with "stationary" ( i . e . ,  24-hr o r b i t )  s a t e l l i t e s  a t  a 22,000-mile a l t i t u d e .  

I n  this case, 
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Turning t o  communications s a t e l l i t e s ,  the  simplest i s  the  passive 
satell i te ( f i g .  46). In this case, the s a t e l l i t e  consists of a la rge  
sphere o r  other r e f l ec t ing  body. Radio waves from the ground s t a t ion  
are directed t o  the satell i te and a r e  re f lec ted  by the satellite back t o  
ground. High-powered ground transmitter and sens i t ive  receivers are re- 
quired, since there  i s  no amplification between the ground t ransmit ter  
and ground receiver.  The passive system has the  advantage that no in -  
strumentation i s  required within the s a t e l l i t e  and it can be used by any 
transmitt ing o r  receiving s t a t ion  of the appropriate power leve ls  and 
s e n s i t i v i t y .  The NASA plans l a t e r  this year, as an example, t o  launch 
a 100-foot-diameter aluminized p l a s t i c  balloon weighing 65 pounds i n  o rb i t  
a t  1000 miles a l t i t u d e  f o r  such a cammunications s a t e l l i t e .  

The second type of communications s a t e l l i t e  i s  one that contains 
within it a receiving and broadcasting system. In  this case, the  trans- 
mission from the  ground is received by the  s a t e l l i t e  and retransmitted 
t o  the  ground ( f i g .  47 ) .  A "round-the-world" system i s  shown i n  f igure  
48. In t h i s  case, three "stationary" (22,000-mile-altitude equator ia l  
o rb i t )  satellites a re  shown. 
and rebroadcast t o  ground. A second ground system can receive and re- 
broadcast the program t o  a second act ive satellite, or receiving and 
broadcasting could be d i r ec t ly  between satellites. With the three- 
s a t e l l i t e  system shown, programs can be te levised around the  world. 
a system requires development i n  electronics and i n  power-producing equip- 
ment within the  satel l i te  sui table  f o r  trouble-free operation over several  
years. 
of an ac t ive  communication s a t e l l i t e .  

The program i s  transmitted t o  the receiver 

Such 

The Project Score satellite (see appendix) was the  f irst  example 

Meteorological and communication satellites should be i n  use within 
a f e w  years. 

MAN IN SPACE 

We now come t o  the  last  par t  of our  discussion, our most ambitious 
program: put t ing a man i n  space. O u r  reasons f o r  so doing a r e  t h a t  it 
i s  a necessary part of our technological progress; and, further,  t o  ade- 
quately make explorations i n  space - including the  explorations of other 
planets - we must have man, with h i s  i n t e l l e c t  and his a b i l i t y  t o  reason, 
take an intimate part i n  the  explorations. 

We w i l l  describe cer ta in  a c t i v i t i e s  i n  the United States  r e l a t ive  
t o  man-in-space. 
encountered, as w e l l  as  the greater  systems r e l i a b i l i t y  demanded. The 
major problem on reentry i s  that of heating from high-speed passage through 
the a i r .  
s a t e l l i t e  veloci ty  must be absorbed by the atmosphere t o  permit satis- 
factory reentry,  but the remaining few percent produces serious problems. 

The problem of reentry i n t o  the Earth 's  atmosphere i s  

All b u t  a few percent of the k ine t ic  energy resu l t ing  from the  
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If the reentry i s  rapid, the r a t e  of heat absorption i s  high, and 
rate of absorption i s  of major importance. Representative values a r e  
shown i n  figure 49 f o r  d i f fe ren t  reentry forms. 
be taken care of (1) by a high-specific-heat (i .e., low-molecular-weight) 
metal such as beryllium, ( 2 )  by ablat ion,  t h a t  i s ,  by a c t u a l  melting or 
sublimation of the material ,  o r  (3) if the r a t e  is s u f f i c i e n t l y  low, by 
radiat ion.  
considered for various vehicle pa r t s .  Comparative values for several  
materials are indicated i n  f igu re  50. 

The absorbed heat might 

The problem of material s t rength a t  high temperatures must be 

F 
The f i r s t  United S ta t e s  attempt t o  place man i n  the  fr inges of space CA 

Cn 
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will be made with the  X - 1 5  ( f i g .  51), which w i l l  be launched from a B-52 
a i rplane.  
i s  used t o  give the plane veloci ty  and a l t i t u d e  i s  shown i n  f igure 52 .  
Following rocket burnout, t h e  plane coasts t o  i t s  maximum a l t i t u d e  and 
then returns t o  Earth i n  a g l ide .  

A representative f l i g h t  plan i n  which the  t o t a l  rocket impulse 

The United S ta t e s  hopes t o  place a man i n  an Earth o r b i t  i n  1961. 
The date w i l l ,  of course, be dependent on t h e  success of the necessary 
preliminary experiments. 
( f i g .  53) will be mounted on an A t l a s  booster system ( f i g .  54 ) .  The 
escape system i s  supplied with rockets t o  e j e c t  the capsule from the 
booster i f  trouble i s  encountered during the launching period. 

The capsule i n  which the  man w i l l  be placed 

I n  the f l i g h t  t ra jec tory  ( f i g .  55) the A t l a s  booster and sustainer  
w i l l  launch the capsule with su f f i c i en t  veloci ty  t o  i n j e c t  it i n t o  an 
Earth orb i t  a t  which time the  A t l a s  sustainer  propulsion system, together 
with propellant tanks and necessary s t ructure ,  a r e  separated from the 
capsule. The booster rockets will have dropped off e a r l i e r .  The capsule, 
a f t e r  a few o rb i t s ,  will be slowed down by retrorockets  and so caused t o  
lose a l t i t u d e  and reenter the Earth 's  atmosphere. The aerodynamic drag 
w i l l  continue the deceleration and l o s s  of a l t i t u d e  of the capsule u n t i l  
such time as the parachute may be released by the  f i n a l  deceleration and 
landing. Assuming a successful three-orbi t  mission, t he  f l i g h t  path w i l l  
be as shown i n  f igure  56 with an ocean landing. 
f l i g h t s  of man-into-space w i l l  provide information on man's a b i l i t y  t o  
cope with the problems encountered i n  space. 

These f i rs t  United S ta t e s  

Additional research and development i s  required t o  permit controlled 
landing of space vehicles a t  spec i f i c  locations on the  Earth. Such de- 
vices ( f i g .  57) w i l l  provide aerodynamic control.  

As more ambitious manned f l i g h t s  a r e  planned, l a rge r  rocket booster 
systems w i l l  be needed t o  i n j e c t  the manned payload. Figure 58 gives an 
idea of the gross weight a t  takeoff f o r  a s e r i e s  of manned operations. 
Phase I V  i s  the NASA Nova system already shown i n  f igu re  10. A conception 
of a large space laboratory i s  shown i n  f igure 59.  These a r e  the kinds of 
things we expect t o  put i n t o  space, and with them continue man's quest f o r  
knowledge and self-betterment. 
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APPENDIX - UNITED STATES AND RUSSIAN VEHICLES LAUNCHED INTO EARTH ORIBTS OR DEEP SPACE THROUGH MARCH, 195ga 
[Official statistics prepared by the National Aeronautics and Space Administration1 

Name, by. t y p e ,  O r b i t  
w e i g h t ,  payload  weight 

SPUTNIK I 
R"S518 
S a t e l l i t e  
( S p h e r e )  
E s t i m a t e  of t o t a l  
payload  weight  in 
o r b i t :  a b o u t  4 t 0 r . S  
(unofflcial) 
S c i e n t i f i c  in~lp"mentat!orr 
in p a y l o a d :  184 I b  

______- 
SPUTNIK I1 
Russia 
S a t e l l i t e  
(Complex) 
E s t i m a t e  of  t o t a l  payload 
weleht  in o r b i t :  abcut 4 
t ons  
(unofficial) 
S c i e n t i f i c  instrumentatlor 
in payload:  1 ~ 2 0  Ib 

EXPLORER I 
Uni ted  S t a t e s  
S a t e l l i t e  
(cylinder) 
T o t a l  payload  
weight  Ir o r b i t :  

s c i e r l t i r i :  i n s t r " a e 7 , t a t i l r .  
lr pay:sad: 18.:3 :L. 

30.a i b  

( s p h e r e )  
S c i e n t i f i c  pagload  a-o  
rota:  weiehl. i n  ora::: 
3.2.5 I b  ( A l s o  in orb!t: 
50-pound 3 r d - s t a g e  r o c k e t  
C?.5i.?B! 

~~~~ 

EXPLOSER I11 
Un'ted S t a t e 8  
S a t e l l i t e  
( c y l i n d e r )  
T o t a l  payload  weight  
in OPbi t :  31.0 I b  
Scientific i"str"me"tat1o" 
payload:  1 8 . 5 6  I b  

~~~ 

L i f e t i m e  

I C t .  4 , 3 9 5 7  t o  
an .  4 ,  1958 

____~ 
10". 3 ,  1957 t o  
. p ~ i l  1 4 ,  1958 

.. 
an .  31, 19se 
E s t i m a t e d  l i f e  
i m e :  3 t o  5 
ears) 

~~~~~ 

a r c n  1 , i5 d 
. r i -? t r l  23" 
c :mi :;ear5 

a r c h  26, 1938 
t o  

"_le 2 7 ,  > 9 5 8  

Launching  YPhiC le 

-~ 
I t  disciased 

>t d i s c l o s e d  

. s .  A r m y  J u p i t e r '  L' 
:ages: 4 
1st :  Elongated  

?da tone  (liquiJi 
2nd: Scaled-down 

, rgear. t  r c ~ k e t s  (sclld) 
srrl: Sca:el-dc*r. 

' r5ear. t  Tockere (sal'd) 
> t n :  sing:* s c a 1 e 3 -  

v g e a n t  ( s o l i d )  
dour. 

i i g h c :  68.6 ft 

S .  Army J u p i t e r  C 
iame as E x p l o r e r s  I 
,i 11) 

~ . 
Payload  i"9tr"mentatiori  

~~~~~~ . 
Dimensions:  22.8 i n .  i n  diam. 

d a t a . "  
S h e l l  C O P I ~ O S ~ ~ ~ O ~ , :  aluminum a l l o y s  
Anternas:  4 s p r i n g - l o a d e d  whip 
-as, i f t .  10.5 i r r .  to Y ft, 

6 i". 

[b) 40,202 rnc. 
TranSmIttePS: ( a )  2O,OO> m r ;  

p w e ?  
y p p l y :  Chemical b a t t e r i e s .  

m n s m  t t e r  L i f e t i m e :  ( a )  arid ( b )  
s topped  O c t .  2 7 ,  195: 

Dimensions:  ( n o t  d i s c l o s e d ) .  
Exper iments :  c o m i c  rays;  s i i l a ~  

Ult?a'JlL.:e: and X-rad:at!on; 
tee: animal "Laika"  ( d c r l  i T ~ F -  

~~ ~~ 

Period:  5 6 . l I  mlr.; 
speed  ( p e r i g e e l :  
13,000 mph; speed  
( a p a g e e i :  li.200 mph. 
I - . c l i n a l l u r  t o  Equaror.: 
65 de8 

The available acceiez'a- 
c i o n  of  l h - s  s a t e l l i t e  
l e d  t o  t he  d l s c d i e r y  .f 
3ii"lf i ' a n t  s i1ar  i n -  

ie; 

o p e r a t i n g  A p r i l  ' 5 ,  1918; ( b )  '*!I! 
o p e r a t e  5noefl:li t e 1 y .  

Dimensions: 6 C  i n .  long; 6 i? .  i n  IExplorer  y i r . d e i  valuabl 
diam. I3ata on t h e  r a d i a t l o r  

n a l  a t r p p e d  Mdy 

'uzI.,:rs::y .,f 1;*a 
7'hyal.r Drpar 're-T. A 
seccnd b e l t  wa5 dls . rue? 
e d  l a t e r  by P l o r . r r r  111. 
P e r i o d :  111." T i n .  I;- 
c i i n a t i o n  1 0  E q u a t o r :  
3 3 . 3 4  deg 

'Except far VANGUARD I1 and PIONEER I", and t h e  RYSS~PI I  f i g u r e e ,  a l l  s t a t i s t i c s  l i s t e d  are officlni. Sta1L:tl.r 0" VANCUIIR3 11 an5 
PIONEER IV are subject t o  u p d a t i n g  when s t u d y  of data has  been comple ted .  

o r b l t  01. f l i g h t  t r a j e c t i o n s  along With p a y l o a d s .  

A l l  distances are given i n  s t a t u t e  miles above aurEace o f  E a r t h .  
Except  where i n d i c a t e d ,  t h i s  c h a r t  does n o t  i n c l u d e  d e s c r i p t l o n  and weights  of s p e n t  r o c k e t  C a 9 i n B s .  e t c . ,  t h a t  have gone i n t o  

I 
1' I S  

j 



lame. by,  type. o?bit  I Lir 'e t inie  
e l z h t .  ~avload welzht I 

iau-ehicg vehicie Payload instrumentation j T e 3 t  r e s u l t s  1 
. ~ ~ ~~~ 

a p o g e e ) :  11.637. 10- 

~ i m e ~ . ~ i o n s :  11 r t ,  9 in. 10r.g; 5 r t ,  
6 in. wide a t  b a s e .  

165.3 deg 

i c i e n t i r i c  i n s t r u m e n t a t i o n  i 
myioad:  2925 I b  

m i t t e r  ceaned 3 p e r e t i o n  S e p t .  :9, 
l95J:  iasi 1 n t e l i i g i b : e  r e i e r n e ~ r y  
35 :33.33-mc tPa"Sml-.tePI. cc t .  6 ,  
19ES: :oB.0l-,c t r a r . s m i t t e r  reased 

A l t i t i  
70.701 
miles  

about 
t r c e  

Lititvde: 63.56 
:lie8 

7- irst tlme a h"*" v o i c e  
nas been beamed fvon O u t e l  

3 e n t  Eisenhower r e c o r d e d  
and t r a n s m l t t e d .  Sateill? 

c c e p t e d  and r e l a y e d  mes- 

s p a c e .  nessage rrm ppeS: 

Sages from &round s t a t i o n 2  t :n Texas. A r l ~ o n a .  and 

13 1959 t c  
21. 1 5 5 3  

B b e t t e r j i .  a Yoi tage  zonverter. 
rad:s beacon,  and a c o n t r o l  u n i t .  

She:: lomposltlsn: S t a i n l e s s  s t e e l .  Georgia.' Came do& I n  v i .  
L~ter.r.2J: S l o t  fwe, f l u s h  w i t h  - 1 n i t y  of Midway Island i r  

7ransr::teI-s: pn, l32 .435  m i  and : r . l t l a>  p e r l a d :  101.16 m! 
'2.355 mc. / : - z l I n a t i o n :  32.3 deg  

m r  L t e  i t i a s .  P a c i f i c  ocean. 
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Name. by, type. wbit 
(weight, payload weight 

Space Probe 
(sphere) 
Total weight in flight: 
3 2 G  Ib 

VANGUARD I1 
United States 
(sphere) 
Total weight in Orbit 
and sclentlflc in8tru- 
mentation: 20.74 Ib 

PIONEER IV 
United States 

Total weight In  flight and 
Scientific i"Str"me"tBtl0": 
13.40 Ib 

(C0"lcP.l) 

Liletime 

Jan. 2, 1959 
(Believed to be 
in Oibit around 
sun ) 

~ 

Feb. 17, 1959 
Expected life- 
time: 10 YT or 
more 

March 3, 1959 
In wbit around 
S"" 

Launching vehicle 

r-3 stages: 3 
Speculated total thrust: 
500,000 Ib 
Height: 110 ft 

Vanguard Rocket (Same as 
Test Vehicle 3) 

Paylaad instrumentation I Test reaulte 

Dimensiona: (Not disclosed) 

%ig%ie vehicle; instruments :::t;:::::Lt;":;:Y to study gas 

components or interplanetary mat- 
teF and corpuaoular radiation of 
the Sun; magnet10 fields of Eerth 
and moon; meteoric particlei in 
space; heavy nuelel in primary 
cosmic radiation and Other prop- 
ertiea of c08mic rays. 

S h e l l  composition: Pentagonal 
StFips of stainless steel made Of 
two hermetically sealed shells Of 

Antennas: (not disclosedf: 
TrBnBmitterS: 3; (a) 19.997 mc and 
19.995 mc signa15 of 1 . 6  8ec dura 
tion, (b) 19.993 rnc signals of 
50.9 ~ l e c  duration. ( c /  183.6 m c  

al"min"m-mag"esl"m a110 

In Orbit around Sun on 
15-month cycle. 

Period: 125.85 mi" 
Inclination to Equator: 
32.88 de& 
In general, the satellite 
and its instrumentatioc 

id photorells designed to p T 0 -  
duce crude 1maKes of cloud cove? 1 
for 2-week period. 

Dimensions: 20 in. long; 9 in. in 

E~9'i~~",~~b.~:'"""""'"" Of Padla- 

Shell COmpoSltiYn: gold-washed 

d h m .  

Test photoelec- 
tric sensor in vicinity or M~O". 

fiber =1888. 
Antenna:- cone ltself ~ e r v e s  as 
-TFi€FEna; gold 1s conductor. 
Wanemitter: 960.05 rnc at 180 

mw with three subcarrlers. 

exercise. It 1 s  now Orbit- 
i n g  the Sun. While the 
probe reached the vicinity 
of the Moon, it dld not 
come close enough (20,000 
milea) to trigger Dhoto- 
electric sensor OF- sample 
Moon's radiation. The 
probe passed within 37,300 
miles of noon at 5 : 2 4  p . m .  
on March 4, 19~19. It 
passed 7.2 degrees East arid 
5.7 degrees South of Moon 
at 4,490 mph. Probe reach- 
ed perihelion, 91.7 m i l l l o r  
m l l r s ,  at 9 P.m. March i i ,  
1959; scheduled to reach a 
phelion, 106.1 million 
miles on oct. 1. 1959. In- 
jection velocity of  24,790 
lmph uas 188 mph below plan- 

\was tracked ?or 82 hr to 
ned velocity. Pioneer IV 

dlatance u f  407,000 m i l e s .  _____ ~~~~ ~~~ .~ ___~_.___ 

!Pigee. 
riles 
~ 

347 

bThese 81e unofficial f i g w e s  culled from U S .  press, PraVda, and MOSCOW radio. 
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Body 

TABU I. - 

Mean Diameter,  
distance miles 
t o  sun x 
Earth' s 
distance 

Mercury 
Venus 

Jup i t e r  
Saturn 
Uranus 
Neptune 
Pluto 

----- 
0.39 

.72 
1.00 
1.00 
1.52 
5.2 
9.5 

19.2 
30 
39 

864,000 
3,100 
7,500 
7,920 
2,160 
4,150 

87,000 
71,500 
32,000 
31,000 

? 

PHYSICAL DATA OF SOLAR BODIES 

Solar 
o r b i t a l  

velocity,  
miles/hr 

------- 
107,000 

78,000 
67,000 
"2,200 
54,000 

22,000 

12,000 
11,000 

29,000 

16,000 

Mass x Length of -1.. 

17 

-------- 
88 dsys 

225 days 
365 days 
365 days 
1.9 yr 
12 ;yr 
29 Yr 
M Y r  
165 yr 
248 yr 

iravita- 
t i ona l  

L'orce at 
so l id  

surface, 
% ' S  

!lumber 
of 

noons 

-- 
0 
0 
1 
0 
2 

12 
9 
5 
2 
? 

Ear th ' s  o r b i t a l  velocity.  a 
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